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farction and silent exertional ischemia. Ah 
anism is not clear, it may reflect a
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anghIal perceptual th 
patients and 36 nondiabetic 
had typical exertkuml angina 
was defined as the time from onse 
to the onset of chest pala during treadmill stress electro- 
cardiograpby- 
Although ST depression ccurred earlier in the diabetic 
than in the nondiabetic group (111 f 82 versus 216 f 162 
s, p C O.OOS), the anghud perceptual threshold in the 
diabetic group was delayed by a mean of 86 s (149 * 76 
versus 63 * 59 s, p C O.OOl), with 95% confidence intervals 
of 53 to 119 s. Autonomic function tests were abnormal in 
the diabetic group, and in both groups regression analyses 
(ushtg athird order polynomial) showed marked prolonga- 
tions of angbtal perceptual threshold heart rate 
responses to tbe Valsalva maneuver dec 0 below the 
normal range (r = 0.5, p C 0.001). There was a similar 
thougb less pronounced relation between anginal percep- 
Patients with diabetes are at risk of coronary artery disease 
and have a high incidence of myocardial infarction (1). In 
many cases, however, myocardial infarction occurs silently 
without chest pain and patients may not seek medical 
attention (I-4). Recent evidence (5) suggests that silent 
myocardial ischemia-in which electrocardiographic (ECG) 
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unrecognized feature 
ST segment depression occurs in the absence of angina-is 
also common in patients with diabetes, although it also 
occurs in nondiabetic patients. Indeed, episodes of silent 
ischemia can be demonstated in ~60% of nondiabetic 
patients with chronic stable angina (6,7), It is not clear why 
the perception ofangina is so variable in individual patients, 
but it is likely that he pathophysiologic me 
sible for ischemia during silent episodes 
those responsible for symptomatic ischemia because both 
conditions respond similarly to the s 
To examine mechanisms that may 
angina, a quantitative analysis of perceptual thresholds 
needs to be established. We defined anginal perceptual 
threshold as the time taken to perceive angina fter provo- 
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breathing for calculation of peak inspiratory and minimal 
expiratory values, the difference providing another indelc of 
parasympathetic function. Finally, heart rate and blood 
pressure r sponses tostanding from the supine position were 
measured. The heart rate ratio 30 beats after standing to I5 
beats after standing provided an index of parasympathetic 
function, and the absolute decrease in systolic blood pres- 
sure provided an index of sympaihetic function. 
Nerve conduction studies. These were performed in 19 
patients (10 diabetic and 9 nondiabetic). Orthodromic motor 
and sensory nerve conduction studies were performed on the 
right median erve using standard stimulating and recording 
techniques. Sensory conduction was assessed for the index 
finger to wrist segment. Skin temperature was recorded at 
the wrist and maintained above 32°C with use of an infrared 
radiant heater. 
Statistical nalysis. All averaged results are expressed as 
mean values & 1 SD. The significance of differences between 
the diabetic and nondiabetic groups was obtained by the 
Mann-Whitney U test. The relation between angina1 percep- 
tual threshold and autonomic function was tested by regres- 
sion analysis using a third order polynomial. 
esults 
Clinical characteristics (Table 1). The patients with and 
without diabetes had similar clinical characteristics. There 
were no important digerences between the groups with 
regard to age, gender, smoking history, hypertension or
antianginal treatment. Electrocardiographic ev dence of pre- 
vious Q wave myocardial infarction was present in 50% of 
the diabetic patients and 42% of the nondiabe 
Treadmill exercise testing: hemodynamic re 
2). Values for heart rate at rest were similar between the 
groups, although the patients with diabetes had significantly 
higher systolic blood pressure. Nevertheless, heart rate and 
blood pressure r sponses toexercise were comparable in the 
two groups and both achieved similar peak rate-pressure 
products. Total ischemia t peak exercise (as judged by the 
sum of ST depression on the I2 lead ECG) was also similar 
in both groups. 
Treadmill exercise testing: angiaal perceptual threshold 
(Table 2). Exertional ST segment depression and angina 
occurred in every case. in the diabetic patients, ST segment 
depression occurred significantly earlier than in the nondia- 
betic patients. Despite this, angina1 perceptual thresholds 
were much higher in the diabetic patients, who did not 
experience hest pain until 149 f 76 s after the onset of ST 
segment depression compared with only 63 2 59 s in the 
nondiabetic patients. This 86 s difference wai highly signif- 
icant (p < 0.001), with 95% confidence intervals of 53 to 
I19 s (Fig. I). 
Cardiovascular tests of autonomic function (Table 3). In 
the nondiabetic patients, mean values for the standard 
Table 2. Treadmill Stress Test Results 
Diabetic Nondiabetic 
Patients Patients p Value 
Heart rate (beatslmin) 
Rest 78 9 13 7s f I5 NS 
Peak 12s + 22 128 f 20 NS 
Systolic blood pressure 
(mm Hg) 
Rest 152 + 25 138 2 19 CO.05 
Peak 164 +_ 27 154 + 26 NS 
Peak rate-pressure product 20.5 + 5.3 19.7 c 4.1 NS 
(mm Hg beatslmin x 
10-3) 
Time to onset of 0.1 mV III 2 82 ‘!I6 f 162 <0.005 
ST depression (sl 
Time to onset of chest 261 2 133 279 + 159 NS 
pain (s) 
Angina1 perceptual 149 ? 76 63 + 59 <~O.OOl 
threshold W 
Sum of ST depression at 0.6 f 0.3 0.7 c 0.4 NS 
peak exercise (mV)* 
Peak exercise time (s) 272 + 136 309 +- 164 NS 
*ST depression was summed ia all leads showing ~0. I mV depression. 
cardiovascular tests of autonomic function were in the 
normal range. In the diabetic group, mean values for all tests 
decreased tothe lower limits of or outside the normal ranges, 
although only heart rate responses tothe Valsalva maneuver 
and deep breathing were significantly different from those in 
the nondiabetic group. 
Regression analysis using a third order polynomial 
showed that, in patients with a normal heart rate response to 
Figure 1. Angina1 perceptual thresholds in diabetic and nondiabetic 
patients. Data points are the timP from onset of 0. I mV ST segment 
depression to onset of angina in individual patients during treadmill 
exercise. Points and bars are mt!an values k I SD. 
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figure 3. Relation between heart rate (HR) response to deep 
breathing and angind perceptual threshold. Data for diabetic ( ir- 
&s) and nondiabetic (triangles) patients are illustrated indepen- 
dently and together. A, Diabetic patients (n = 32): r = 0.3, P < 0.1. 
B, Nondiabetic patients (n= 36): r= 0.6, p < 0.001. C,Diabetic and 
nondiabetic patients (n = 68): r= 0.3, p < 0.02. For each set of data, 
a third order polynomial regression has been fitted, defined by the 
equations beneath t e diagrams. 
Angioal perceptual tbresbold indiabetes. In the present 
study, we attempted for the first time to analyze quantita- 
tively the perception ofangina in diabetes by measuring the 
anginal perceptual threshold-the time from the onset of 
myocardial ischemia ( ssessed by ST segment depression) to 
the onset of chest pain during treadmill exercise testing. 
Patients without exertional chest pain were specifically 
excluded. The results show that the perception of angina 
after the onset of ECG-manifested ischemia is severely 
impaired in diabetic patients compared with nondiabetic 
patients. In the diabetic group, ST segment depression 
occurred earlier, indicating more severe coronary artery 
disease (13). Despite this, the anginal perceptual threshold 
was prolonged and the onset of angina fter ST segment 
depression was delayed by a mean of 86 s relative to findings 
in the nondiabetic control group. This allowed the diabetic 
patients to exercise longer after the onset of myocardial 
ischemia nd to achieve acomparable p ak exercise time. 
Autonomic function and the perception of angina. Au- 
topsy studies (14) have associated painless myocardial in- 
farction in diabetic patients with neuropathic changes in 
intracardiac sympathetic and parasympathetic afferent fi- 
bers. More recently, clinical studies (15) have pointed to a 
similar association. Although autonomic neuropathy with 
involvement of the sensory supply to the heart provides a
plausible xplanation for painless infarction in diabetes, its 
role remains peculative, as does the role of autonomic 
neuropathy in silent exertional ischemia. Indeed, no previ- 
ous studies have elramined a possible relation between 
autonomic function an the perception ofangina in diabetes. 
In the present study, standard cardiovascular tests of auto- 
nomic function confirmed significant subclinical dysfunction 
in the diabetic group compared with the n 
particularly with respect to the heart rate 
W&a maneuver and deep breathing. In a 
sion analysis (usilig a third order polynomial) has shown a 
consistent pattern in the relation between these heart rate 
responses and angina1 perceptual threshold. Thus: normal 
heart rate responses to the Valsalva maneuver or deep 
breathing, over a broad range of values, are usuaiiy associ- 
ated with a relatively short anginal perceptual threshold, but 
as the heart rate responses become abnormal, the threshold 
lengthens significantly. The pattern of this relation is largely 
independent of diabetic status and strongly suggests that 
autonomic neuropathy produces ignificant impairment in 
the perception ofangina, accounting (at ieast in part) for the 
prolongation ofanginal perceptual threshold in the diabetic 
group. Presumably, neuropathic damage to myocardial sen- 
sory afferent fibers in the autonomic nerve supply reduces 
sensitivity to regional ischemia by interrupting the transmis- 
sion of pain. 
The association between autonomic dysfunction and pro- 
longation of angina1 perceptual threshold points to a cause 
and effect relation based on disturbance of the sensory 
innervation ofthe heart. However, in patients with coronary 
artery disease, vagal heart rate control may be impaired 
without more generalized evidence of autonomic dysfunc- 
tion (16,17). Thus, to confirm that the cardiovascular uto- 
nomic dysfunction demonstrated in the diabetic group was 
associated with sensory impairment and was not merely a 
reflection of more advanced coronary artery disease, a 
sample of patients from both groups underwent median 
nerve conduction studies. These studies howed significant, 
although subclinical, sensory neuropathy in the diabetic 
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